Essential oils from the aerial parts of three populations of Nepeta crassifolia (Lamiaceae), which are Iranian endemic species and four populations of N. nuda grown in northwestern Iran were obtained by hydro-distillation and examined by gas chromatography (GC) and GC-mass spectrometry (GC/ MS). Overall, 37 compounds were identified in the essential oils from different populations of N. crassifolia and N. nuda. The essential oils consisted mainly of oxygenated monoterpenes and sesquiterpene aldehydes. The major components in the oils of three populations of N. crassifolia were 4aβ, 7α, 7aβ-nepetalactone (16.46-27.45%), 4aα, 7α, 7aβ-nepetalactone (13.45-17.54%), 1,8-cineole (8.15-9.70%) and elemol (14.38-22.14%), while 7aβ-nepetalactone (61-72.21%), 4aα, 7α, 7aβ-nepetalactone (8.72-12.63%), pulegone (7.36%) and piperitenone oxide (4.12%) were identified as the main constituents in the oils of four populations of N. nuda. The essential oils from the aerial parts of two species of Nepeta sourced in northwestern Iran were rich in oxygenated monoterpenes. In conclusion, the present study indicated the essential oil components of wild populations of both Nepeta species varied with chemotypes, environmental conditions, and geographic origin.
Introduction
Nepeta L. has approximately 300 species, most of which are herbaceous perennials, widely distributed in Eurasia. [1] The genus Nepeta, with the common Persian name of "Pune-sa", comprises 75 species in Iran and is the largest genus of the family Lamiaceae found in the area. Furthermore, the area is one of two throughout the entire world for which the genus is endemic. [2] Nepeta crassifolia is one of the endemic species of this genus in Iran and Nepeta nuda L. is one of the most common species of the genus Nepeta. It is widespread from central and southeast Europe into Russia and towards southwest and central Asia. [3] Nepeta spp. have some biological activities and are used in folk medicine as diuretic, diaphoretic, vulnerary, antitussive, antispasmodic, antiasthmatic, tonic, febrifuge, emmenagogue and sedative agents. [4] Some species of Nepeta are used as medicinal herbs in Iranian or Unani traditional medicine (for example, N. ispahanica, N. binaloudensis, N. bracteata, N. pogonosperma and N. pungens). In addition, another species (N. crispa) is used as a culinary herb by some indigenous people in Iran. [5] Many Nepeta species have been investigated for their oil constituents. The main constituents so far identified include nepetalactones, β-caryophyllene, caryophyllene oxide, 1,8-cineol, citronellol, geraniol, elemol, nerol, nerolidol, spathulenol, β-elemene, geranyl acetate, citronellyl acetate and geranial. [6] [7] [8] [9] It has been reported that terpenes, including terpenoid lactones of the nepetalactonetype, are found to be the main constituents in most of the oils from Nepeta species. [10] [11] [12] [13] [14] These compounds are responsible for their feline attractant or insect repellant properties. [12] The literature review on the essential oil composition of Iranian Nepeta species revealed that the oil of some species is characterized by nepetalactone isomers as the first main compound, e.g., N. racemosa (74%) [10] , N. stenantha (32.5%) [15] , N. cephalotes (35.1%) [16] , N. persica (30.5%) [17] , N. pogonosperma (57.6%) [18] and N. meyeri (56.6%) [19] , while in some other species such as N. asterorticha (17.5%) [20] and N. binaludensis (25.9%) [21] nepetalactones constitute the second major component of the oil. No traces of nepetalactone isomers were found as the oil constituent in N. glomerulosa subsp. carmanica [22] , N. ispahanica [21] , N. denudate [16] , N. glomerulosa [23] , N. heliotropifolia [24] , N. fissa [25] and N. macrosiphon.
[26] 1,8-Cineol was found to be the principal component of some other Nepeta species such as N. ispahanica (65.2%), N. binaludensis (42.3%) [21] , N. denudate (48%) [16] , N. heliotropifolia (19%) [24] , N. crispa (47.9%) [27] , N. monocephala (41.8%) and N. prostrata (46%). [15] However, some differences in the essential oil composition were detected in several Nepeta oils [24] [25] [26] 28, 29] , as well as differences in the oil composition of the same species from different localities, which vary from region to region, genetically, variety, analytical and extraction methods, climatic conditions and vegetation period. [30, 31] In this report, the chemical constituents of the essential oils of seven populations belonging to two species N. crassifolia (Iranian endemic species) and N. nuda from wild growing plants in Ardabil and East Azerbaijan provinces of Iran were studied for first time.
Material and methods

Plant material
The aerial parts of three populations of N. crassifolia and four populations of N. nuda were collected from different localities of wild growing plants in Ardabil 
Isolation of the essential oils
All samples of the herbs were air-dried in the shade prior to distillation of essential oils. The essential oils were isolated from the dried aerial parts of the plants were submitted to hydro-distillation for 4 h using a Clevenger type apparatus to produce essential oil. The essential oil was collected over water, separated and dried over anhydrous sodium sulfate and stored in sealed vials at 4ºC until chemical analysis. Oil analysis procedure
Gas chromatography
Gas chromatography (GC) analysis was performed using a an Agilent Technologies 7890 GC (Agilent Technologies, Santa Clara, CA) equipped with a non-polar HP-5 capillary column (30 m × 0.25 mm, 0.25 µm film thicknesses). The flow of the carrier gas (N2) was 0.8 mL/min. Initial column temperature was 60°C and programmed to increase at 4°C/min to 280°C. The injector temperature was set at 280 and 300°C. Split injection was conducted with a ratio split of 1:100. Essential oil samples of 0.1 µL were injected neat (directly). The oils were injected manually into the GC instrument without dilution. The percentages of compounds were calculated by using the area normalization method, without consideration of response factors.
Gas chromatography-mass spectrometry Gas chromatography-mass spectrometry (GC/MS) analyses of essential oil samples of two species of Nepeta were performed on an Agilent Technologies 7890 gas chromatograph coupled to Agilent 5975 C mass selective detector (MSD) and quadrupole EI mass analyzer (Agilent Technologies, Palo Alto, CA, USA). A HP-5MS 5% column (coated with methyl silicone) (30 m × 0.25 mm, 0.25 µm film thicknesses) was used as the stationary phase. Helium was used as the carrier gas at 0.8 mL/min flow rate. The temperature was programmed from 60 to 280°C at 4°C/min ramp rate. The injector and the GC-MS interface temperatures were maintained at 290°C and 300°C, respectively. Mass spectra were recorded at 70 eV. Mass range was from m/z 50-550. The ion source and the detector temperatures were maintained at 250 and 150°C, respectively.
Identification of the oil constituents
Constituents were identified by comparison of their RI (retention index) relative to C 5 -C 24 n-alkanes obtained on a nonpolar HP-5MS column by comparison of the RI, provided in the literature, by comparison of the mass spectra with those recorded by the NIST 08 (National Institute of Standards and Technology) and Willey (ChemStation data system). The individual constituents were identified by retention indices and compared with constituents known from the literature. [32, 33] The peak area percentages were computed from HP-5MS column without the use of FID response factors.
Results and discussion
The essential oil contents of N. crassifolia (the NC1, NC2 and NC3 populations) and N. nuda (the NN1, NN2, NN3 and NN4 populations) yielded 0.56%, 0.74%, 0.66%, 0.34%, 0.58%, 0.32% and 0.60% (v/w), respectively. They were exhibited a pale yellowish oil with a strong pleasant aroma. The compositions of the essential oil from Nepeta species (aerial parts) were determined by GC-FID and GC/MS analysis (Table 2) , where the components are listed in order of the retention index (RI) of the constituents from the HP-5MS column. Overall, 37 compounds were identified and 4aβ, 7α, 7aβ-nepetalactone (from 16.46 to 72.21%), 4aα, 7α, 7aβ-nepetalactone (from 8.72 to 17.54%), elemol (from 2.11 to 22.14%) and 1, 8-cineole (from 3.04 to 9.70%) were the main compounds in the oils of the samples.
Totally, 19 components in the essential oil from N. crassifolia (NC1) were identified, accounting for the 92.81% of the total oil. Oxygenated monoterpenes (51.83%) and sesquiterpene aldehydes (23.61%) were the most abundant compounds. The major constituents of oxygenated monoterpenes were 4aβ, 7α, 7aβ-nepetalactone (23.27%), 4aα, 7α, 7aβ-nepetalactone (17.26%) and 1,8-cineole (8.15%); elemol (22.14%) was instead the main sesquiterpene aldehydes. Other sesquiterpene components were caryophyllene oxide (3.76%) and β-isobicyclogermacrene (3.55%).
For N. crassifolia oil (NC2), 35 components were identified in, accounting for the 90.23% of the total oil (Figure 1 ). The essential oil from the NC2 population of N. crassifolia was contained 54.13% oxygenated monoterpenes with 4aβ, 7α, 7aβ-nepetalactone (27.45%), 4aα, 7α, 7aβ-nepetalactone (13.45%) and 1,8-cineole (8.62%); elemol (14.38%) was identified as the major sesquiterpene aldehydes. The presence of the sesquiterpene hydrocarbons bicyclogermacrene (3.54%) was also noteworthy.
For the NC3 population of N. crassifolia, totally 32 constituents were identified in the oil, representing 90.39% of the oil. Elemol (19.21%), 4aα, 7α, 7aβ-nepetalactone (17.54%), 4aβ, 7α, 7aβ-nepetalactone (16.46%), 1,8-cineole (9.7%) and bicyclogermacrene (4.39%) were the major constituents in the volatile oil of this population.
For N. nuda species, 29 compounds were identified and quantified in the NN1 population oil, 26 in the NN2 population oil, 22 in the NN3 population oil and 19 in the NN4 population oil, representing 91.24%, 92.91%, 90.25% and 93.62% of the total oil, respectively. Likewise, the population NN1 oil contains, 7aβ-nepetalactone (61%), 4aα, 7α, 7aβ-nepetalactone (9.96%), pulegone (7.36%) and 1,8-cineole (3.04%) as predominant components and high content of oxygenated monoterpenes (84.28%). The essential oil from the NN2 population contains 86.13% monoterpenes with 7aβ-nepetalactone (70.71%) and 4aα, 7α, 7aβ-nepetalactone (9.58%) as principle constituents. The major components of the NN3 population oil were 4aβ, 7α, 7aβ-nepetalactone (68.8%), 4aα, 7α, 7aβ-nepetalactone (8.72%) and piperitenone oxide (4.12%) (Figure 2 ). In the oil of the NN4 population, oxygenated monoterpenes were the most abundant compounds and represented 86.7% of total oil. 4aβ, 7α, 7aβ-nepetalactone (72.21%) and 4aα, 7α, 7aβ-nepetalactone (12.63%) were identified as the major constituents. Table 3 . presents the main constituents of two Nepeta species (N. crassifolia and N. nuda) from different localities that have been researched. It was documented that nepetalactones were the predominant components responsible for the feline attractant properties of many Nepeta species, such as N. persica, N. pogonosperma, N. racemosa, N. cataria, N. sibirica, N. nuda, N. grandifolia, N. clarkei, N. argolica and N. crassifolia. [34] [35] [36] [37] [38] [39] [40] [41] For instance, 4aα,7α,7aβ-nepetalactone (28.8%) and 4aα, 7β,7aα-nepetalactone (11.9%) were reported the major components of Nepeta cataria essential oil. [41] Tittel et al. [42] reported that the main constituents of N. cataria var. citriodora were elemol (11.9%) and β-caryophyllene oxide (4.5%). Dabiri and Sefidkon [35] reported the essential oil of Nepeta racemosa Lam. from Iran mainly consisted of 4aβ,7α,7aβ-nepetalactone (33.6%), 4aα,7α,7aβ-nepetalactone (25.6%), 4aα,7α,7aα-nepetalactone (24.4%). On the other hand, results of some investigations indicated that the essential oils from some Nepeta species, including N. fissa [25] , N. macrosiphon [26] , N. nuda subsp. Nuda [30] and N. depauperata Benth [43] have different chemical compositions, and they do not contain nepetalactones. [28] North part of Tehran, Iran 4aα,7α,7aα-nepetalactone (92.6%), linalyl acetate (2.6%), Dabiri and Sefidkon [34] Mazandaran province, North of Iran 4a-α,7-β, 7a-α-nepetalactone (81.1%), 4a-α,7-α,7a-α-nepetalactone (5.9%)
Morteza-Semnani and Saeedi [41] Nepeta nuda Central Anatolia b-caryophyllene oxide (21.8%), spathulenol (13.8%), allo-aromadendrene (9.0%) b-caryophyllene (5.4%)
Kokdil et al. [44] Suva planina, East of Serbia 1,8cineole, (62.2%), germacrene D (2.2%), β -caryophyllene (3.6%) α-terpineol (7.0%)
Chalchat et al. [45] Eastern part of Erzurum, Turkey 4aα,7β,7aα-nepetalactone (18.10%), germacrene (15.68%) elemol (14.38%).
Bozari et al. [46] Localities in previous studies.
Conclusion
This study showed that oxygenated monoterpenes were the major constituents in oils of N. crassifolia and N. nuda from northwest of Iran. 4aβ, 7α, 7aβ-Nepetalactone, 4aα, 7α, 7aβ-nepetalactone and 1,8-cineole, elemol, pulegone and piperitenone oxide were the major components. The highest percentage of nepetalactone was observed in N. nuda (population NN4), while the lowest percentage was obtained from N. crassifolia (population NC3). The amount of elemol in N. crassifolia was higher than N. nuda. A comparison of the chemical composition of Nepeta species in our results with the previous reports suggests differences in the volatile composition of the plant material could be attributed to genetic, chemotype, distinct environmental and climatic conditions, geographic origins and plant populations.
